In this paper we discuss the impact on conversion degraded pasture areas into an integrated crop, livestock and forest system (ICLFS). We collected 30 soil samples at 0-0.1 m depth in five agroforestry systems, degraded pasture and native areas along Brazilian Cerrado biome. We analyzed the influence of chemical variables on microbial biomass carbon and enzyme activity using multivariate statistic analysis. The land use explained only the variation of microbial biomass carbon and seasonality explained the variation in glycine aminopeptidase activity. The sample controls differ from the other soil areas due to their greater biological activity (MBC). The enzymatic indicators showed that the biological activity is lower in degraded pasture. It was observed that the ICLFS system had a positive effect on the microbial activity (MBC and soil enzyme) when compared to pasture. This reinforces the importance of adopting more sustainable practices to improve soil quality.
INTRODUCTION
The transformations coming from anthropic action alter composition and amount of organic matter of the soil and directly affect its physical and chemical properties. These transformations imply perturbations and directly influence the microorganisms, microbial processes and nutrient cycling in the soil (Zago et al., 2018) .
Crop, livestock and forest integration systems (ICLFS) were created with the aim of improving sustainability and ecosystem services (Lemaire et al., 2014) . However, replacing specific production systems (e.g. grains, fibers, meat) with integrated agricultural production (ICLFS) generate impacts that can be positive or negative. The recovery of degraded pasture areas, increased food production and decrease in greenhouse gas emissions are benefits reported in the literature (Ozório & Azevedo, 2014) . On the other hand, intensification of land use, which is simultaneously used for livestock raising and timber production, can negatively affect the soil.
As this practice is being expanded in Brazil, research efforts are needed to evaluate soil quality and the impacts of ICLFS on an enzymatic activity in the soil, as well as to understand the behavior of the microbiota when degraded pasture areas are converted to agroforestry systems.
Several researches in ICLFS areas focus on the study and evaluation of physical and chemical properties (Stieven et al., 2014; Assis et al., 2015) , but few scientific efforts have evaluated the biochemical activity of the soil in these agroecosystems (Sousa, 2010; Vinhal-Freitas et al., 2013) . Within this context the following questions arise: 1) Does the conversion of areas of degraded pasture in ICLFS system improve the biochemical conditions of the soil? 2) Does land use influence biochemical activity and chemical properties in the soil? 3) Does seasonality influence biochemical activity and chemical properties? 4) Which chemical factors are most correlated with the enzymatic activity in different soil use conditions?
To answer these questions, the objective of the present study was to evaluate the chemical composition and activity of hydrolases involved in the carbon cycle (β-glucosidase), phosphorus (acid phosphatase) and nitrogen (glycine aminopeptidase) in ICLFS areas. In addition, we sought to discuss the impact of conversion of degraded pasture areas to ICLFS, using as negative control degraded pasture soils and as positive control the native Cerrado soils.
MATERIALS AND METHODS

Site description
We selected five farms to evaluate if the implantation of crop-livestock-forest systems (ICLFS) changed the biochemical soil properties. The sampling areas are located in Cachoeira Dourada (18°27.620' S 049°36.163 W), Inaciolândia (18°33'12.9" S 49°47'53.7" W), Pontalina (17°29'3.9" S 49°14'57.8" W), Ipameri (18°39'27.054" S 48°12'14.033" W), situated in Goiás state, and Uberlândia (19°09'38.00" S 48°10'19.63" W), situated in Minas Gerais state. Besides the ICLFS, each property has conventional pasture (degraded) and native Cerrado in the same area.
According to Köppen's classification, the climate of the sampling regions is Aw, with the rainy season concentrate in spring-summer (October to April) and the dry season in autumn-winter (May to September). The annual temperature ranges from 4 °C to 40 °C, and the annual rainfall varies between 1.229 and 1.750 mm. In all sampling areas, the soils are classified as red latosols (EMBRAPA, 2013) . The land use and soil tillage in crop-livestock-forest systems, degraded pasture and native Cerrado in the five study sites, are described in the Table 1 .
Soil sampling
We collected the samples in the rainy (December 2016 -February 2017 and drought seasons (July-September 2016) . From each of the five farms, three sub samples of soil were randomly collected in crop-livestock-forest systems, degraded pasture and native Cerrado. Then we homogenized the samples to form one composite sample for each land use. The samples we collected along a grid in each plot (5.0 × 5.0 m) to a depth of 0.10 m, totaling 30 composite samples.
The soils were sieved (< 2 mm) and packed in polyethylene bags at 4 °C. We determined soil moisture content by drying 5 g of soil at 105 °C for 48 h. Additionally, the soil chemical characteristics (Table 2) were determined according to the methodology of EMBRAPA (2011). 
Soil biochemical characteristics
We evaluated three soil enzymes (β-glucosidase, acid phosphatase and glycine aminopeptidase) in the present study. We assayed the activities of β-glucosidase (EC 3.2.1.21) and acid phosphatase (EC 3.1.3.2), as described by Baldrian et al. (2005) . For determination of the glycine aminopeptidase activity (EC 3.4.11), it was used the method of Allison & Vitousek (2005) with some modifications. Next, 0.1 g dry mass soil was incubated at 37 °C for 60 min, using 900 μL p-nitroanilide prepared in sodium acetate buffer at pH 5.0 as described in the original method. To build the controls, sodium acetate buffer replaced the substrate volume. We expressed the results as µg of released p-nitrophenol or p-nitroaniline g -1 soil h -1 at 400 or 405 nm.
For determination of the Microbial Biomass Carbon (MBC) we evaluated samples by irradiation-incubation method (Ferreira et al., 1999) . The results were expressed in microgram of carbon per gram of soil (μg g C -1
).
Data analysis
The variations in each enzyme activity among different land uses and their interactions were evaluated through permutational multivariate analyzes of variance (PERMANOVA). Linear Discriminant Analysis (LDA) was used to group the biochemical (MBC and enzymes) and chemical variables (P, K, Ca/Mg, Mg/CEC, K /CEC, Hal, NT) according to the land use (Cerrado, ICLFS and pasture). The chemical variables with the lowest inflation value (VIF < 3) were selected by the multicollinearity test (Zainodin et al., 2011) .
The influence of the chemical variables on MBC activity and enzyme activity was evaluated by multiple step regression with reverse selection. For each biochemical variable, we constructed regression-filled models with the seven chemical predictors. To meet the assumptions of the tests, the data were used in logarithmic scale (log and log + 1, respectively). Analyses were performed in R software (R Core Team, 2017) using the lda function (package MASS) and lm (package Vegan), respectively.
RESULTS AND DISCUSSION
Analysis of soil enzyme activities and MBC by PERMANOVA are presented in Figure 1 and Table 3 . It seems that an effect of the land use on the enzymatic activity is observed in Figure 1A -C. But when enzymatic activity was analyzed simultaneously in the three land use soils (Table 3) , we noted that the variations are not statistically significant (p < 0.05) among soil use samples. However, when comparing β-glucosidase, acid phosphatase and MBC activity between agroforestry and pasture systems, the values were more significant in ICLFS ( Figure 1A, B, D) .
Intensification in land use generates stress in the microbiota, increases metabolic and enzymatic activity in the soil and shifts the rates of organic matter decomposition (Trasar-Cepeda et al., 2008) . Otherwise, if the microbiota is under a new environmental condition (agroecosystem), the management effects or natural conditions can sometimes be subtle and slow and not be evident until the microbiota responds to the additional stress (Reed et al., 2009 ).
The results of the permutacional multivariate analysis of variance (PERMANOVA) showed that the predictive variable "land use" was important to explain the variation in MBC (F model = 5.08, R 2 = 0.29, DF = 2, p = 0.02). The values were higher in areas of Cerrado in relation to ICLFS and pasture ( Figure 1D ).
The soil microbial biomass (SMB) is responsible for biological and biochemical processes in the soil and can be altered by the conditions of the environment in which they are inserted (Martins et al., 2018) . In the Cerrado, the high amount of plant species and presence of plants with a high developed root system than the aerial part allow greater abundance of organic residues, enzymatic substrates and nutrients, as well as better aeration of the soil (Myers et al., 2000) .
Deep root system provides greater exudation of organic compounds that are used as source of carbon and energy by the SMB, favoring the growth of microorganisms (Souza et al., 2006) . These no-tillage environments provide better survival conditions and metabolic activity of soil microorganisms, which explain our results in Figure 1 D (Schmidt et al., 2018) .
The results show that the interaction between period and land use was not important to explain the variation in enzyme activity (Figure 1, Table 3 ). The enzymes β-glucosidase and acid phosphatase did not have their activities influenced by the seasonal period. However, glycine aminopeptidase activity presented statistically significant variation between the periods of the year (rain and dry), being higher during the rain in relation to the dry period (F model = 545.17, R 2 = 0.96, DF = 1. p < 0.01; Figure 1 ).
Increases in glycine aminopeptidase activity indicated that soil moisture content is a factor that alters the extracellular activity of aminopeptidases (Lemaire et al., 2014; Zago et al., 2017) . One of the explanations would be that fluctuations in precipitation and temperature throughout the year modify the survival conditions of mycorrhizal bacteria and fungi, which tend to present higher growth rates in moist soils. Moreover, the increased availability of nitrogen residues coming from soil deposition in the dry season also directly interferes in the quantitative of enzymes, diffusion of the substrates and catalytic activity in the soil (Borowik & Wyszkowska, 2016 , Burns et al., 2013 .
In general, acid phosphatase presented higher activity in all land use groups, and in the dry period it was higher in the Cerrado areas. Some research studies have found similar results and corroborate our findings (Lemaire et al., 2014; Zago et al., 2018) . The highest levels of acid phosphatase activity in Cerrado compared to other areas (DP and ICLFS) may be associated with the amount of organic phosphate (P org), relatively lower in the natural areas evaluated in the present study (Table 1) .
Phosphatases are synthesized and exported to the extracellular medium when the concentrations of soluble phosphorus reach limiting levels for plant growth and soil microorganisms. Thus, the synthesis of phosphatases is controlled by the concentration of inorganic phosphate and regulated by mechanisms of self-repression by inorganic phosphate (Pi) that came from organic phosphate (Nahas, 2015) .
The synthesis of phosphatase depends not only on the availability of phosphate in the soil (available P org and limitation of Pi) (Nahas, 2015) , but also by the plant and microorganisms demand for Pi, water availability, carbon and nitrogen (Marklein & Houlton, 2012; Allison & Vitousek, 2005) . In addition, depending on the anthropic activity and the established soil culture, phosphatase activity may also be altered (Zago et al., 2018) . In the present study, TN, TOC and SOM levels were on average higher in the areas of native Cerrado (0.21, 2.19, and 36.8, respectively) than in the anthropic areas (013, 1.58, 27.2 for DP and 0.15, 1.53, 26.6 for ICLFS), corroborating with the aforementioned studies. Thus, the set of analyzed variables (chemical and biochemical) seems to have exerted a great influence on the enzymatic action of phosphatase (Neal et al., 2017) .
The LDA provided a correct classification of 57% of the groups for total soil biochemical activity, in which 70% were correct for Cerrado, 40% for ICLFS and 60% for pasture (Figure 2 ). In Figure 2A it is possible to observe that the enzymatic activities increased in the ICLFS and pasture on the left of the biplot and in the Cerrado occurred on the right of the biplot, but they share few characteristics. Therefore, the results of the model analysis revealed differences and similarities between the evaluated environments (native Cerrado, pasture and ICLFS) and showed that the biochemical attributes, verified by hydrolase activities, were indicators to assess land use.
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The first axis explained 78% of the total variance in biochemical data and showed that the Cerrado differs from the other areas due mainly to the greater biological activity (MBC). The results of the discriminant analysis (Figure 2) show that all Cerrado areas are nearby and grouped together. In this way it can be inferred that these environments (Cerrado) present a distinct dynamics of microbial functioning and metabolism, which reflects the absence of management, in relation to the other studied areas (ICLFS and pasture). These findings indicate that, under natural conditions, there is a greater environmental balance. This promotes better conditions for the metabolic activity of the microbiota and enzyme stabilization in microenvironments, conferring greater nutrient cycling and better soil quality when compared to agroforestry system (Stieven et al., 2014) .
The second axis explained 22% of the variance in biochemical data and separated the groups vertically, indicating higher β-glucosidase activity in ICLFS, acid phosphatase in Cerrado and aminopeptidase in pasture (Figure 2 ). Many studies indicate that soil use promotes a decrease on enzyme activity (Lemaire et al., 2014; Zago et al., 2016) , but this research shows that β-glucosidase and glycine aminopeptidase operated higher in agricultural systems. In this case, the enzyme activity varied depending on the land use distinctly for each enzyme, being smaller or larger than in native Cerrado soils.
We can note that the average value of SOM, TOC and TN are considerably lower in ICLFS (38%, 37% and 43%, respectively) than in the natural environment (Cerrado), while the variation in metabolic activity (MBC) among such areas is only 0.95%. According to Trasar-Cepeda et al. (2008) , such results could be indicative of stress on soil microbiota, which in turn responded with increased enzyme activity. Another fact is that the metabolic activity (MBC) in ICLFS is very similar to the Cerrado, because the contents of SOM, TOC and TN are not high. Within this context, we suggest that the fall of leaves and stems from the arboreal component allows greater deposition of organic compounds rich in cellulose, which is used as a substrate for the action of β-glucosidase.
Regarding the enrichment of the glycine aminopeptidase activity in pasture soils, we observed that the TOC and SOM levels are higher in pasture (1.58 and 27.2, respectively) and slightly lower in ICLFS (1.53 and 26.6, respectively). The increase on the enzyme activity may represent an ecological mechanism to conserve the metabolic activity in the soil. As they are exported to the soil matrix, the enzyme molecules associate physically or chemically on soil particles, expanding the aminopeptidase activity in cultivated environments (Trasar-Cepeda et al., 2008) .
For the chemical composition, the discriminant model correctly predicted the classification of 77% of the groups of soil use, being 80% of success for the Cerrado, 70% for ICLFS and 80% for pasture. We can observe that the level of correctness for the chemical attributes was higher than on the LDA for biochemical activity, suggesting that the model (LDA) is useful to explain variations in soil attributes. the Ca/Mg and K/CTC ratios were higher in ICLFS and the ratio Mg/CTC and the level of P was more abundant in pasture soils. Some efforts conducted in agroforestry systems show significant variations between ICLFS and native forest (Assis et al., 2015) .
High acidity is a characteristic of Cerrado soils that tend to present high levels of aluminum (> 1.0 cmolc) and offer higher exchangeable acidity or potential acidity (H + Al) (Iwata et al., 2012) . However, several endemic Cerrado species are adapted to this condition and contribute to the physiognomic and structural profile of the vegetation (Klink & Machado, 2005) . The abundance of K + in the Cerrado soils can be associated with high decomposition performed by the soil biota or even by their mineralogical composition. Finally, the greater abundance of litter in Cerrado soils can explain the correlation between TN and SOM in these samples.
Agricultural environments presented more expressive Ca/Mg and K/CTC values in ICLFS and the ratio Mg/CTC pasture areas, showing the alterations of chemical fertilization on the soil chemical properties. This can interfere on nutrient cycling via disturbing in enzyme activity exportation. In agricultural areas, the highest values of CEC are indicative that higher amounts of nutrients are mobilized in the soil and will become available to the plants, improving their development.
Multiple stepwise regression models provided evidence that there are positive relationships between biochemical and chemical variables (Figure 3 ). Variations in MBC were positively associated (R 2 = 0.14; F = 4.71; p = 0.04) with the levels of K + (Estimate = 1.72; t value = 2.17; p = 0.04). These data are in agreement with those obtained by the LDA, which showed that the K + content is higher in Cerrado areas (Table 3) .
Variations on β-glucosidase activity were positively associated (R 2 = 0.41; F = 9.20; p < 0.01) to Mg/CTC (Estimate = 0.97; t value = 4.18; p < 0.01) and Ca/Mg ratio (Estimate = 0.66; t value = 2.03; p = 0.05) (Figure 3) . Both values were higher in agricultural areas (Table 2 ). These findings indicate that the activity of β-glucosidase is positively influenced by the Ca 2+ and Mg 2+ contents, as well as the ability of the soil to bind to these and other cations present in the soil solution (CEC), which in turn is dependent on SOM (Mukherjee & Zimmerman, 2013) .
Thus, the results reinforce the evidence that soil chemical conditions may interfere with its biochemical activity (Lemaire et al., 2014) . In addition, the regression analysis indicated that the activities of the acid phosphatase and aminopeptidase were not explained by the analyzed chemical variables, showing that those chemical parameters do not determine the activity of such enzymes. In general, seasonality does not exert effects on biochemical/chemical components of the soil.
CONCLUSIONS
The ICLFS system had a positive effect on MBC and soil enzymes, when compared to pasture, reinforcing the importance of adopting more sustainable practices for soil health. Finally, LDA and discriminant analysis evidenced the positive relationships between biochemical and chemical variables in the soils. We recommend the model analysis (LDA) to identify differences from land use, and to identify possible soil quality indicators in agroforestry systems.
